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Abstract of JP4262799 

PURPOSE:To efficiently amplify a single- 
stranded nucleic acid by treating a specimen 
with a straight-chain probe nucleotide having a 
sequence circularizeable with the target 
nucleic acid in the specimen, and by using the 
product as the template, producing a single- 
stranded nucleic acid complementary to the 
template using a primer nucleotide. 
CONSTITUTIONrA target nucleic acid 
sequence A is hybridized with a straight- chain 
probe nucleotide B designed so as to 
circularize as a result of existence of a target 
nucleic acid sequence A using a primer 
nucleotide C having sequence which is at least 
partially complementary to the straight-chain 
probe nucleotide B to circularize the straight- 
chain probe nucleotide B. By using the 
resultant circular probe nucleotide B' as a 
template and utilizing the primer nucleotide C, 
a single stranded nucleic acid sequence is 
amplified by amplifying a repeated sequence 
complementary to the template. 
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1 

afl«H*©«««KE?fl (A) <r>mt 
CO Jg* t b TSBttftT-SJ: 3 »CKW3 n&sjjs^-r * 

v-jj-^f (b) t. ^<it>cfl5 
anttyn-y^^u^F (b> ta»Mic«»w?a: 

a«««E5U (a) ciaattT'D-y^^u^i* 

(B) S/W^'jy'fXai*. Batt^n-?*^* 
^F (B) SSRttfcU fefcbfclWW'D-:/**!,;*- 

?f (b' ) smmtLx. ^7-5^^^ 

(C) *M«U aSifflaW^EHoaOSL^EJU 
[»#«2] *fl«t»f OSW««E59 (A) 

<o«e* t u r»#fc-r * <fc 5 traits n&EJOs^rr * 

%W?u--J*>jV*?Y (B) '>fc<£t>KiS 
«tt^n-^3tjru*?H (B) ifiSa-WlcffiStWfcE 

aj«rr*:/?'fT-jKf (c) *at>?. T 

E«Sk^ (a) ~ (e) Sff5CtS««fr5«E«E 
af£ (a) :±GK««7ci-72»W7F (B) t 

Sfmrns^t (a) tfflA-f^'jvH!&»j«s-e-«. 

»ft (b) : 7?-f T-SiH/^F (C) 
(a) T±£Lfc/vf >r»Jy Ff©:/!!-:?*^!/*? 
F (B) £7=-Jl^-fr-5. 

a«£ (c) :»f^ (b) ?±*U&7=-;W**«5iI« 
V&u-txin,'*?* (B) ©5* jfcflHfc 
aH3*T, MKX»U4^H (B* ) iT-5. 
a# (d) :»f^ (O Tifcfi&LfcSttJ^W^F 

(b* ) sastu A'j*— tr«jgtt*^r-s««* 
u^7— tf^txy^'f^-ji^u^F (c) 

L.TS«E?U£iiSS-ti-5. 

SkfP (e) :£glC«J:D, Jiff (d) TfcSUfcJIMiS 
8EFJ£fflHT. af£ (a) ~ (d) «4>fc<ifcl S> 

aos-r. 

[»#S3] tttfttn^raantKasji (a) ©#*e 

fiatfyn-v/s^i/^F (B) t, 4>&<tt>ant 
«*^n-^3t*W*?H (B) £ffi#WlcfflJlittfcE 
W**T*:/9'fV-**W*?F (C) Sffl^T. T 

E©»fP (a) - (e) *H3z£z®m£-rz&mm 

SfP (a) : ±E£«#:/n-:7:*?M-?F (B) t 
77-fV-S*l/*5=-F (C) icO/N-f^Uy FSSMS 

ftflt (b) :»#«»*©»««« (A) »ft 

(a) T^JSL&A-f^ijyH^oayo-^jciri/^ 
F (B) i7=-;i^-a-<5. 

SfP (c) (b) TSiJSL^^-;!,**©^ 

«^d-^^w^f (B) ©5' *®tr 
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mt&ZVT. m&Zin,*TF (B' ) 
Sf£ (d) :*fp ( C ) -CfejftL&iatt^^^^F 

(b' ) ssiiu Ay*— tfaggs^rr-stt®* 

0>9-1fJlJ:W/»-f'T-3l*U*9 i F (C) 

LrsaiEj>isii«s-B-5. 

a«* (e) :&glcJ:9, a«* (d) 
KEJUSffl^T, »fP (a) - (d) £4>&<£fcl B 

aosr. 

w*9H] a#a«tfo*««HE5«i (a) nms. 

mmfa-VXPU*** (B) t. ^<tfe»Iff 
att^n-y^u^F (B) iffl#ttlcffi*WfcE 
^iS^rT^y^'fT-^^W^F (C) £flJV>T, T 

e©af£ (a) - (d) *ff5ci:*#ai-r-5«KE 

*!©**£& 

aff (a) : ±EiSa«yn-^5t^i/^H (B) . 
SttaaESI (A) SitfT^-f ?-??Vt?H 

(C) aKD/vfyUvFSJgjSSit*. 
aff (b) : a«* (a) TfeSLfcA-f:/U vF*©i6 
a? jUK^n-rs^U^F (B) <DS' *Mt3' im 

saisa*. amx^i/^H cb" > tr-s. 

afP (c) (b) T4*bfcll*>tjrk*y|» 

(b- ) saitu ^ 

U^5— tffeJ:tfy9'fT-5t^W*5 1 F (C) 

afP (d) :&SfcJ;r>, afP (c) L,fc* St* 
BE?"I*fflV>T, afP (a) ~ (c) %4>1l<£h\® 

aps-r. 

ca*^5i a#as4><oaMS«E5a (a) 
s«a«yn-^ji^p^H (b) ^<tt>Bni[ 

««y n-^jt ^ F (B) t ffl^WCfflaW&E 
?JSW-r*^7-f T-S^V^F (C) fcfflHT. T 
Eoaf^ (a) - (e) SfT5;ii:£ft«i-r*8[66E 

afP (a) :±Ee«tt7n-7sdrU*yF (B) i 
SS«I«aE5a (A) iOA-f^UyF*»*a«*. 
aff (b) :afP (a) F*<)5« 
SLfcS«[«yn-^^P^F (B) ffl 5 ' 
40 3' *««3JgS*. SStt^^U^F (B' ) tT 
•5. 

afp (c) : y^-f t-?^p^^f (o sa(p 

(b) r*dcLfcg3«^D-^j<i;^^F (B' ) b 

afp (d) : a«* (o tr^tfca^^^t^F 
<b' ) smitu a ij bf«eftswT^sa# 

•J^9— tf*J:i;y7'fT-5?^l/*5 1 F (C) SWffl 

UTttaE?fJS*«s-e-*. 

a* (e) :&glC«fcO. afP (d) T±d6LtiaBS 
50 KEfllfc^T. afP (a) ~ (d) £'>fc< tfel B 
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(3) 



4#S8 3 F4-2 6 2 7 9 9 



MMES6] #mm+nmttmmmm (a) ©#s 

©»*<hLT»#fcTS«fc5K«ttSnftE^«:rf* 

««*7n-v/:K*i>**F (b> . ana««^n-^ 

S^^F (B) t«#«lCffl*«ftE*!£:rr*7' 

^-fT-s^M-^F (o . a»m «a#y*7 

— W9 J: * * U*? FH 'J >a*StJ«ai«MIffltt* 

[S8fl©8aftjRiJi] 
[000 1] 

[&*±ffl#J/8#iH *»9H*»a©««#ifc&«kat-5- 

©ft»©aig*v Mcsrrs. coxmrnx.* sse 

[0002] 

©*ffitta£*l. «. *aaft£©»Kc!>&<Dlc*ftft 

*v»t. an^rsasentt. #*£ft«aa«>a& 

❖5|cM*fit»ttllft«rc«»l/fc*y f? 
n-**«v»ft*iiHirctt. Sa±©|flW*K«fcy*-© 
ttm*tffl*T**. •€•©&», yD-^ttUS/Xr-AO 
tf *&»©»***£< ftShTV** (1087 
/03822ft £) . *fc. &&ft±0>¥mkLT. &ff)£? 
*«»*DNA#'J^9— KfcJ:D««****S (» 
WBB61-274697^&« ; JRT fPCHj tWfC 

**a*sim»*. u*»u zaaa-cttaitftaae 

(1089/12696 , #W¥2-2934#&«ft2) . 
1NM0B (blunt end ligation) CkDIMMAMMW 

firs. irorasomastbT. wo89/i2696-m3a 

KJ5tftoTl/*5^jS»«**. S&. RNA*U^7 
— K*fflHTDNA±ORNA#£l«Sn*CtttJTOl 

*fefeM*3nTV>-5(»089/01050). L*l,ft3i»S, C 

?l5»ft««t±ffl»T*-5. (SoT. SyfcLfcRNAfcS 

ffi-a»e^»* sfpffl 3 -htd n a s^s-a-ss^sius 

(BIO/TECHNOLOGY vol.6. 1197, 198 
8) t>»SftTtr>*. ##S£J6 



[00 03] 

*• 

[0004] 

[»jB*a*-r*ft®©#Rj *Kw#6«cns©ai 

«M«*<0#«Trc!)*i8« tft D 3 SX ? I/*? K « 

10 t, *9»!«3&83tt«ciiofc. at, 

a»«f«oaws«E5ii (a) <o??*E©iie*tUTiR«fl: 

U*?F (B) t. 4>tt<k%z<DitmR'7a-7X!r 

v*9-\* (b> ia^Micfflswftae^jsrriy^'f 

F (C) «,J8V>T. a«S«E5U (A) 
caUi*^n-^irU*^H (B) */vf7yy-fX 
3*. CSMItt^n-^jrW^H (B) SSWfcU 
S-aLftaK^n-^S^P^F (B' ) 
U :7*7<T-X*l<<:*?-p (C) MURU *S£tt- 

a? *ttftea©aQ£u&E&i«CT«-*attB«£& 

■T*«Ea©*«*aTr**. £ft*&?II©«B£ie« 

raftaoaa** mi. «#a»*©a»aaE*j 
(A) ©s«<o»*£ LTa#flrr*«fc 3 fcswanfc 
BJitirriWiw^n^^^u^p (b> . am 
mf&u-'jji'rv**'* (b> ta»w»c«itwfta 
n*irra^9-fvr-jijru^H (o . iism 
aa# y * jtfx * u*^ f = y >b**o* 

B*BHKa*9 h?»a. 
30 [0 0 0 5] *»WTtt, tttU Uft WMMeite/Vf 7 
•J y F *»*T* C&iC£D. >J #9 -feTSffl V>Ta*Wfc 

fa c t*»^ffitft5±5K:«»snfc*a^*ffi« 
u BBiM:Lfeaa&?*as£i/r, *u**— e 

aa (a) «. ¥a-ct>raaTt)j:<, H:«w«»ft 

v>. *»9!fcBra«M«acoE5«ifia, «a«»c4* 
csnaatoftn. 

[0 0 0 6] *%W\Z)5ltZ-7u-7x!7U*7-F 

40 (b> ta. tt^tt^frosfltrsaa?!! uo <d#&<d 

««^n->rj»^^?FT*« (0l*«kt^H2©B 
#88) . ^0-^3»*W*^F (B) ©5' 

*attH2ic^ana<fc5tc. a«sai:7--^-ra 

Wf*P, ff*b<tt#*10^305»irl/^l<<!>*S*» 

^a»Msa*Ew©«ai4. -awci-ioooa, » 

*KttlO-100 flOJt^l/^FTftntf^V*. * 
50 ft. C©««lCRNA#y^5— V<D7>?-7u*-4r 
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5 

-E5HS^**«Ctt)"Ifi8T»*. C©RNA#'J* 
V— M ©7 y=f--fU^-9-fffi*:ttr> fc7D-7* 5 

R N A * U ;* 5— tfO^n^-^-fiJiJ^^ * 9 

#'J*7— fef. *<ttXU#?5'l'^-9 1 F(ATP, CTP. GT 
P. 0TP)SffUfl3ttntf, •7u--?JlirV*1-)?<Dte* 
mm Q £ L#A,)SR N A C t A^IBTr» 

cooo7j ^awoy^-fT-^^w^i* (C) 

tt, T'n-T'Si^^F (B) £4>£<i:fe«#«fc 

7** U*^ F#RNA#'J K<OT>?yn*- 
^-E^S#tf*&(Ctt, T^-f?-* Hie? 

**. cnSO^-'J^Jl^P'^H (B) &£Zfi (C) 
fi. 0J*.tfAB lit (Applied Blosystens lac. ) ©D 
tiA'y>±^1f- 39lS*fflV»T, *X*7S^-f F 
Sfcik 0 *. flfilC 'J >» h 'J XXx;W£. H 

*9V*9-* (B) ©5' **icttU>KS£#int,T 

I, V>. U >»S©#flltt. WA«ATP 
[0 0 0 8] *»9iTffiffl3ft*tS»#U*7-- tftt, 

'v'j*— tfSis<4*»osa#u^7_^ T fcn«. d 

NA#'J^7- tfTftoTfe. RNA#U^5— KT* 

ol. Chen. 264, 893S, 1989 ) . flSfcfc. M2DNA4> 
U^7— g. E. coll DNAtf'J.*9— gill , T7R 
NA#U*?~ tf, T3RNA#'J.*5— tf. SP6R 

[0 0 0 9] *55?g<7)6E»ii«^i£tt. SW8KE*! 

(A) K:±EB«tt:/n-:7:5?*M-?-F (B) «/vf 
yj^XS*. B«tt:/n-:/s*U:*-^F (B) € 
SlttfcU feSLfcgittT'ci-^i'l'^F (B 1 ) 
£»S£:LT. T^-fT-S^k^F (C) i$m 

aSSSfeSS-a-S C tie,}: r)8»E5!ISii«5-a-5. 
[0 0 10] *«^©8aig«fetUTe. *©«k5fc 
Hififfl«^*tfe.n«. (1) «reKS«f>©S«tSBE 
55 (A) ©#«©£*£ LT»ttfc^*«fc 3 CBitSft 
fcEWfcrfSiSatt^n-^siri^^F (B) <>:. 

'>*<tt>gEaii«yD-^^i<-^K (B) tm 
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WtffiaWftE^SWTST^'fV-S^^K 
(C) Sffl^T. TE©are (a) ~ (e) *ff5dt 

«^i-r*t*»E*l©*«m 

Bfl* (a) :±Eita«yn-^^U^F (B) £ 

aWRiiE^ (A) ton-Yr/'jyKfcsassit*. 

are (b) : T^f^-S^U^F (C) 
(a) T^UfcA-Y^Uu/F^C/D-^^U-^ 

F (B) tTn-JHStt*. 

HfP (c) :*f^ (b) •C3il&L1t7--)Wrt><omi& 
10 «^n-^^w^p (B) 05/ 3fcS8l£3' 
SlSS-ttT. SRttSirW^F (B* ) 
Wtfc (d) (c) -?3u£U£lRttS*U:*?-F 

(b* ) amtv. ^'jn— e«gtt*rr5«tt# 

U>9— (ffcitfT^-fT-sirW-^F (C) 
l/T8ME5ISttIS-tt.5. 

are (e) :&5lc«fc9, are (d) T?SiJSL£a«« 
KE59*fflV>T. aft* (a) ~ (d) *'>*<tt>l 13 
»0jgf. 

[0 0 11] (2) areti»*©««&»EJil (A) (0 

a? iWEo»*tLTS*ftrr<5±^K:aM-snfcE5iis^ 
r*aa«yn-^^U'^5 i F <b> t, ^*<tfe 

ttlfiCfiltt^n-T'Jt^k^^F (B) 

«E5'i* : sr-r57'7'r-7-5i^u^F (o sfflv* 

T, TE©»re (a) ~ (e) Sff ^CtSWatTS 

S»E5IJ©««*& l 

are (a) ^ESatfT-n-y^U^F (B) £ 

:77-f V-S^l^F (C) tCA-f^'Jy h**»fij 

Sit*. 

are (b) (a) are 

30 (a) T^l/fcyW^U-/F1'Oyn-y3tirl/^5 i 

f (B) fc7=-;n*-e-5. 

are (c) : are a> > •cfesufc7=-;n»(f"©is« 

tt^n-^^i^^F (B) ©5' *S8t3' 

lilSS-ttT. m^yii/V^Y (B' ) £f*. 

are (d) :are (O T*J«l/fci8«5ld'W*5 ! -F 

(b' ) *»stu 'sy*— eagtt*^T5«a# 
tfiitfy^-i-T-^i'w^F (o zmm 

are (e) :^S(C<fc0. are (d) T4fi5LfcigS« 
40 KE^SfflViT. are (a) ~ (d) *'>*<i'fel H 

aos-r. 

[0 0 12] (3) «rea»«PfflSW«KE?!l (A) © 

■t*m.mf&n-fs>;v*?\t (B) £. ^a<£t> 
KiSfflW^n-^^u^F (B) £8g»Wlc«H» 

AEJO^^rray^-rT-ji^u-^F <o %mi>> 

T, TE©are (a) ~ (d) Sff 5 d£ StjatfS 
S»E*I©i#Bm 

are (a) :±Eil[««^n-^^V-^F (B) . 
50 aWSHE^O (A) Sitfy^-fT-S^U^F 
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7 

(C) fcOA-f » F 

(b) (a) "e4*Lfc/W7yyF*©B 
I'*? F (b) 05 ' *Mt3' 

Sf* (c) (b) VS-&b1imKx9U*?}! 

(B' ) fcttstu ^ua-eaatt*** *«a# 
'J**— tffeJrtf^-fr-^dri/^H (c) *fto! 

(d) t&BCkD. SM* (c) 
aSWSfflV>T. »fp (a) ~ (c) S^fc^fcl 0 

1*0 mr. 

[0 0 13] (4) &frUn*><D&tMH&&W (A) © 
TZ&mWa-fztUtr)* (B) t, 4>tt<t* 

®.mmK?u--?x>;v*?\? (b> tmmzim 

(titemmZKTZ-fJ't T-x£ M"*-F (C) *fflv» 
T. TB©*fts (a) ~ (e) Sff^CtSftafr* 

#asM©aam 

(a) :±BS*Mfc:/n-:/j»*W^F (B) t 
SWSBSJil (A) tO/W^UyK*»«**S. 
»f£ (b) : t»f^ (a) T±gl,fc/vf:7yy F*©» 

ssL^iasittyD-^^p^F (b) ©5' must 

3 ' 5fc»£**tS-ar. a»S F (B* ) b? 

S. 

(c) : TTv-i v-XinotrF (C) 

(b) -C^t&SaWyn-^^k^F (B' ) t 

7=-;i^-t**. 

»ffs (d) (c) rSjffiLfeiatt^J'U^F 

(b' ) sastu au*— e«ett«^nr*aK* 

'J* 7— tf*S«fctf:/?1"?-X*l':*? : -F (C) Sfjffl 

»fp (e) (d) ?£*l,&Jm* 

■EW«flV»T, art* (a) - (d) i4>ti<£*>l ET 

[0 0 14] *39!cD±&£5fflgM* (3) ©a*©fc» 

V>T*»9!£«9rf3. ft, Bf AttS«««, BttB 

att^o-^^w^F. b' ttamflsTn-:?** 

*fl* (a) :B««rn-^^i/^F (B).«f>©a 
UEafcattttK (A) ■f>©«ttE?0tOA'f^UyF 

F (C) SB^n-^S^U^F (B) £7=-^ 3 
-ItS (12 (a) M . att$B#s=:fifi0S£l;ttn 
**. 7;k*7U4fflS. Kffla^ifcirjSttUT-iffli: 

•r *. jna2tttt«Atf8o~io5 "cr 1 ~ 5 ^Hsaa-r 

SCtrilJST*^. TWJMttWillt 0.2 ~1 
&j£<&NaOH#£T-e, l~30#fflffiJll,. 91<0H 
C 1 -CfffJLTffl^fcCtattrS*. afflSttWAtfO. . 



(5) #BB¥4-2 6 2 7 9 9 

8 

01~ 1 SJ6©H C 1 1 ~30#ifiS I,, NaO 

<B^n-^j{^U*^F (B) fcitf^-fT-S* 

u^f (o Kt?viT. -en-en. a*©7=-;pa 

-«ttKttB««a (A) t^a-^^w^F 
(B) . **.T*7u-fyL9\,*5-Yt (B) fc75-rv 

-s*u;t?F (o at-t-n-enttswice^u 
a$«Tfrt»n-s. 

[0 0 15]afP(b) :±fi*D-7Jt*W*y|« 

(b> ©5 ' imta' umimmzit. atwu^n- 

7X*M-^F (B* ) tf* (H2 (b) #B) . » 
7n-7* J* (B) ©5' *&ktZ' *S8*tA 

-f v F»£©te*» B»? T 4 D N A »J 13 

~ tf. T7DNAU#— t?. *»aiL_con) DNAU 
3tf — - tf. Thermu theraophilas D N A 'J £a©3l 

©*. Sfcttc-GA7©*r««an-5«fc5c^n- 
^^u^F^-en-enA, T*jtttc, G©*tr* 

a»»**a^-r.5ats^aict)^Ttt, n 

IBSa63-22197#^a*J:tf 1090/01069 ICBI*©^» 

r. awaai7=-;k-r**>j^^^5 i F»^« 

6~40X^W^F. 0*U<ttlO~3OJ?i'l/*9 i F© 

saofeoAtafflsn*. 

[0 0 1 6] m (c) : m& (b) irattftUfc^n 

-^5t^u*?F (B* ) saac. *&«yn-^ji 

tH'-^f-Y (B* ) \Z7=.-)VL1ff^-7-yi.{;V-t 
^F (C) *WfflUT, UM(UX9-« (D) SfflU 

■caa£*Ej&*ff5 (H2 (o ana) . a»fm, 

«AtfdNTP(dATP, dCTP, dGTP, dTTP <54i«5ft 
40 *i/'J#X^l/^F) ^itXDNA#U^r— K (a 
A«*2 9DNA#'J^7- fef, M2DNA#'J^7- 
•tf. T7DNA*'J^5— if. Thermos aqnatlcua DN 
AjJ«'J^5— tf. Thermns thernoohilos DNA^'J^ 

7— tfa©aa^«aA©isv»9a) zm>T. ±Ea 
«x ^ i/*? 1 f *»aic Lrasassff fe-^s c t ic 
.fcrjrffbn*. d©^sn, 

•tV+a7--Wtn-J- (Joornal of Molecolar 
Biology; 56. 341-361, 1971 ) \Z&kSnx^i>mS 

&zf&ttzm»*ctifirtz. cns©»*tt. dn 

SO AOT^Sawa^^fUL-^^^^^v-^ftCD^ 
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t. &rLt>mtmm (a> tmtfczfu-ixtu* 
& (a) ciwsawaa (a) tmmz7n-zr?2 

Vit^Y (B) <0«««KtLTHJffl$ft5S. 

k (b) , (o c^n-enr 

•s MMtu*?— e&i/r. ^n^e-^-c 

«i;&RNAJj<'J^5— tf*fflV»*Ct*tT€-5. MiSt 
Sf^tt. NTP (ATP, CTP, GTP. UTP©4a©'J#*i' 
SJ:tfRNA*<J^7- K T7R 
NA*U^5- t£. T3RNA#U^7—tr. SP6R 
NA#y*?—ttB:£) ««V»T»»R3»^W*^F* 
»Sfc UTR N AMKKJ&tft C Offfctl 
5. RNA#y*7-ifKJS©a*tbT. To-?* 
>WH (B) ©«»8Wt»0SUatA<«RNAat£ 
£3*13**, C<ORNA*»Si:UTa»«?B*SfflV» 
TcDNAS^U iKDcDNAK^'CT-SirU 
(C) *7--;ps-a-5c:tCi:t). »OjgUR 
NA#U ^ 5— t?Sf^fflS«T±*ICRNAS:-&rt-r«C 
tfc"^**. (d) :&B\z£.r), ( c ) 
T*^l,/l!:ii««i6SB5iJ*«ViT. SfP (a) ~ (c) 

[0 0 17] 

[&W©3»S] *?!Wcoig«ftlc«tntf. 
U^F (B) ©2r>©*«#£Waa (A) C7=- 

**oT*y rf3»f F©a3E3*lfc«J:-5#aft<i:. 
2 0©*«at^Sn5*fr£«fc-rftJitt© 2 

ittfir> Taa©#£©E5>i©*«««-r-5 c ta^ar 

F 1 a^S«R©«aE?W*£*3n*©"C, 2** J: 

r5Ci:fe*fcBlllT».5. 3 SC. *589!©i8«fctt 

(MttA-f ^U^-f fa J'fc.fcOafiFb&^n-y 
©*«*%<. S/N (Signal/Noise) JtSaiDStf* 

[0 0 18] 

[***] «TK. *»W©aaaatftt«fll£fl7K-f 
SC&CJ;??. #8a©»*S«fc9-aa«&'&©£ 

to* 

msmi ) sa* y =f * 9 v*=j- f ©&j« 
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ABI itDNA -»-feiJ--f-»f-391 fitffl^T, *X*7S 
^< hfcKTTEE^©*'.) ^S^^FSS-tfl, 
it. ©^a-^^M^F (5B-*V3ytiru*7}* 
<D) :**'Jrf5i^U^Hfi»3ftt^'J^TDH(TherBo 
stable Direct Haeoolysin) jt&?©87#§*6 104* 
B» £<fctf 105#B*>5 126#g©S* W-^FEM, 
T7yD^-3r_E5iii : ffia«*E5lJ*W-r-5 <EJ**1 
) . 5' *mz>J >m&ifit&&VTKZ. <2>7 

10 *^-'J^5i'U*5 1 KttT7!/n^-^-(Z>S?!|>6^-ra 
(E9V«2 ) . ^SttABI ttTnaTJtt&K 0.2 ti 

T->7tt«PPlCrjS!ffi*7AfcTSSlLfc. fciJ^lSU 
fesf-yrfSdrtoi-^F tmm\Z& 0 KTfflJSW 3^8 

*i}=tXirU*9-)* 5 ~ 20 pinoles 

ioxT4#«jKi'w*5 i H+^— eaa* 10 «ti 

1 sd ATP 1 tf l 

^ T4#U3t^l^^H*±— 10 ¥tt 
*£inA"t±a£100 1 £LT. 37"CT lPSfflEfciS 

**. uct. ioxt4#'j?^^5 i h*±— tra«f« 

0.511 Tris-HCl(pH8.0) 
0.1M MgCIt 

o.in 2-jt;p*yM^y-;i/ 

[0 0 19] (SJSP2 ) S«t*a£««T5/t0©* 
^ (7) H»m ©»-^U rfJC ^ H<D 

(-f) mem ©az^-y^jc^p^H® 

(•» T4 DHA'Jtf— tT (3Cff*6») . T7 RNA#'J*7- 
1? C«#*$» , ATP . CTP , GTP , OTP 

to o 2 o] mmms) fstsara hsfflv^a 

698«©aS^(D 

af^(a) sasm ©a-^y^^u^Hoo. uoi 
tdh «ttB3fttr^y^-©«aa**>5»a m& 
st«:y/A«ai ug t^ciOtfi ©yjtf— 
%ynznax.tz. wc\z 2»m«-3&a. sorts 
40 at. 7--*3-e-;fc. >jjj— tfaasa 

66 oil Tris-HCl(pH7.6) 
6.6 oH MgCli 
10 ndl SWXH h* 
66 tfll ATP 

S#(b) ±EKJSatl0tfl (C. a=*'Jrf^^U*?H 
©O.lniol *HDA. SfP(a) -hUawfi^JCJ:?), a« 

<tL-fca-*y =r** HCDic7--;us-a-^ 

fiff(c) *(C. T4 DNAUJtf — K 1*(4 OfcaS&W SlD 

a. 37*c-e i^ras*:3-a-. a-a-y^sj'M'fF© 

55 5'3|5a<!:3'*asSM3li'«:. 
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Sff(d)±eEJ&«K:*40u] , T7 m#V*9~ tTS ttfc. 

£LT, 37^T30#ffl«fi1-*££fc«k 9 5'*Jlt3'*S|*»JS3-&/5:. 



afp(e) -eoa. 7#n-xy;u-c«a*»u x^y [0023] gaiwe ) $mm2 ©*? b&m^ftm 

fc. *££ttll3ner,fcrji«*H l flJK. X*7±KRKA *fts(a) SOfiWl ©a-^'JrfS^l/^FOM. laol 

rtantufc. cn«, sB-^u^jc^w^H^aiis tdh mmmaf^tomm^ifi^m, 

C0021] owm) mmm2 o^vv^m^itm u 7=-;i^-e-fc. 

«SK©««#iS<2> »fP(W 

Stf£(a) ©SS-^Ulf'S^t'^HOO.lMiol Jfcfc. T4 Mtt'Jjtf— « l#tt *Hn*3TCT 

tS-^'J^^U^H© O.lnBOltSlOitl ©U# 1«WSJ63*, »-*U^^U*?H©5'3taBi3' 

— tffflEJfiWCHOAfc. 94 < CIC2 #-|BJ#ofc«50 , CC5 5feffl*atilS^#&. 

sfp(b) ±er£»ck:. tdh «tta*t;^'j^©iSita ±msj&man\ tc sb-^u rfs^u^rmimo 

ffi#«SLfcy/£«Kl <ig SflJASS- IS**. »ft(a) i^«©»ffCJ: t). SWKfcUfcSJ 

^••J^Jt^k*5'H<Di:7r:-^a«, T4 DNA'J#— £ -**)3?.>;i'* : ?)?Q)\Z7--)VZ1t1t. *irSJ6« 
l*tt OKSSSS) *JD*. 3rCTl I^WR*3-tt-5C 30 K#40/il > T&5.t&mOu\ , **OT7 RNAff'J;*? 

iCJ:0. »-*»J^drU^F©5'5RMi3'5ft«S — fef 10 WfcSinA, »#(b) -C*16l/fcSHfc*-'J=0* 

«BS*fc. *l«j-?K«ISfcl/C. 37rao»BMHM-«!:ifc 

Sf^(c) ±i3S*atl0tfl lC*40/tl , T7 RNA#'J^7 iDJiSSiSSSSJSl/fc. 

— tfKJ&SffiOtf 1 . *£im RHA#U*9— K 10 *tt HfP(d) 

*«s(d) *©a, 7#n-xy;v-?*&*»iu cnti, »-*'j^^w*^H*»5iiisn. c© 

A^nT-f PSftft&CfcQ&ftSnfcMA £«3L Stt49 J P*»£iLTttl!.fcDSV>raiA »W&*sn 
fc. tt*H113Mr.fc0»4H t fliC, X*7±CWIA 40 fcdiSjftLTWS. 

an. c «a»«MH l *Mi t ut»s ± o ftwnu [0024] : 1 

^■&^3n«:^tS*bTV^. E5«©fiS : 1 1 3 

[0 0 2 2] (£16015 ) mmfl2 ©*y r- K#l©ffl : 8ft 

Mt«©4M#tt(S> »©S : -*a 

»«£(a> ©SB-* 'J 3* * W*^ HOO. 1 no I htfns?- : 

tan^iJ^drp^PO 0.1molt*. TDH SttB E#1©SS .: ffirog® ^«DNA 

»K^y*©WHWW»6»«. a?»astfcyyA« s?o©i#« 

S ltfg t^ClOwl ©<J#-i£fflRJ6*fcinAfc. 94 <W»**"fE# : promoter 
■CC2 5CCC5 »W«fiU 7X-;PS 50 #S&H : 22. . 38 



I7Htt*y*9— KB6« 

80 nU Tris-HCl(pH8.0) 

10 mM ^KHA 

4 DM X^JP3^> 

8 DM MgCIa 

50 mM NaCl 

160 <ig/nl BSA 

0.02 « h'J h> X-100 

2 DM ATP, CTP, GTP, OTP 



20 ❖A^nT-f HiReffifCJzO^anfcRNA 
fc. tt*liU3BeriOS5iHF«K:, X^7±ICRNA 

«snrv»fc. cms, «-*urfjK^v*^HOTiit 
*i^an^ct=£^LTVi-5. 
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tfs©»a : r T7n*-9-fm tamtam 

1..18 

m<OWSk : ffljftb^'/^TDHttlienostable Direct Haen 
olysin) afirP<O105 126#B<DE*l.i:ffi}itt 
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GATGAGATAI TCTTTGTTCT TCAMTCTCC CTATAGTGAG TCGTATTAAA ACTATTCTAT 
AGTGTCACCT AAATGATCCA CTAGTTCTAC AGCGGTTTCC TGCCCCCCGT TCT 

[0 0 2 5] &m*n : 2 10 fWtSSfE^ : pronoter 

S&HD&Z : 1 7 

sworn : »m 

b#ai>- : -*« 

TAATACGACT CACTATA 

mmommsxm. 

mi] a-*v*xiri'*9>V &a-7xtnst? 
[02] *«^<o®asaKfl9c*L&Htr*«. 

[B3] 3£S«3, 4. 5 *«fcttt C^VsT^SnS: 20 



92.. 113 

ffi<D^:»3feH^'J^-TDH(rherBostable Direct Haei 
olysin) it£^©87#S*S 104#S©E?«£«*tfcjft 
EM 



113 



fffiEffi*:L.17 
#a**5£Lfc2rfc : S 

mm 

17 

{■7u--7x{/v-*m . b' ttja«fl:uaji-*u 
•r. H3i>. u— >i. 2> 3*±tf4tt-en-en§as 

«3. 4. 5SJ:tf6<OKSlC*tJ6LTV>*. *8Jtt. 

»a t uxffl nits-* y * ?=■ f 
r. 



(H3J 



r a a 4 




TDHH 



TDBBN 





-616— 



(9) 



#W¥4-2627 9 9 



[02] 



A 




(5DiDt.ci. s mm* fi &m^im 

A 6 IB 10/00 H 7831-4C 



—617— 



1 

Japan Patent Office 
Official Gazette for Unexamined Patents 

Kokai Patent No. Hei 4(1992)-262,799 



Publication Date: September 18, 1992 



International CI 5 . 


Identification Svmbols: 


Intraoffice No.: 


C12Q 1/68 


Z 


8114-B 


C 12 N 15/10 






C12Q 1/68 


ZN A A 


8114-4B 


//A 61 B 10/00 


T 


7831-4C 


C 12 N 15/00 


A 


8828-4B 


A 61 B 10/00* 


H 


7831 -4C* 



Request for Examination: Not Requested 

Number of Claims: 5 (Total of 9 Pages) 



A METHOD OF DETECTING A NUCLEIC ACID SEQUENCE AND 
A REAGENT KIT FOR THIS DETECTION METHOD 



Application No. Hei 3(1991)-46,193 

Application Date: February 18, 1991 

Inventors: Toshisuke Aonp 

Toyobo Co., Ltd., Central Research Laboratories, 1-1, Katada 2 
chome, Otsu-shi, Shiga-ken 

Hiroshi Takada 

Toyobo Co., Ltd., Central Research Laboratories, 1-1, Katada 2 
chome, Otsu-shi, Shiga-ken 

Applicant: 000003 1 60 

Toyobo Co., Ltd. 

2-8, Doshimahama 2 chome, Kita-ku, Osaka-shi, Osaka-fu 



' Application amendment given on the last page of the patent has been incorporated-Trans. 
note. 



[Abstract] 

[Objective] The objective of this invention is to easily amplify the nucleic 
acid that is targeted. 

[Structure] By means of this invention, a straight-chain nucleotide probe 
(B) has a sequence that has been designed to become cyclic if the target nucleic 
acid sequence (A) is present. This nucleotide probe is hybridized with the target 
nucleic acid sequence (A) in a sample. As a result, said nucleotide (B) becomes 
cyclic and cyclic nucleotide probe (B') is obtained. This nucleotide probe 
serves as the template. The nucleic acid sequence is amplified by producing a 
single-strand nucleic acid with a repeating sequence that is complementary to 
the template using a nucleotide primer (C) with a sequence partly 
complementary to aforementioned nucleotide (B). 

[Result] It is possible to inhibit non-specific reactions and amplify only a 
specific sequence. Moreover, several nucleic acid sequences are produced 
from 1 molecule of cyclic nucleotide probe by using nucleic acid polymerase 
with helicase-like activity and therefore, it is possible to amplify a nucleic acid 
sequence very efficiently. 
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[Scope of Patent Claim] 

[Claim 1] A method for amplifying a nucleic acid sequence, which is 
characterized by the fact that a straight-chain nucleotide probe (B) has a 
sequence that has been designed to become cyclic if the target nucleic acid (A) 
is present in a sample and using this straight-chain nucleotide probe (B) and a 
nucleotide primer (C) with a sequence that is at least partly complementary to 
the straight-chain nucleotide probe (B), the straight-chain nucleotide probe (B) is 
hybridized with target nucleic acid sequence (A) in order to render the straight- 
chain nucleotide probe (B) cyclic. Then, with this cyclic nucleotide probe (B') 
serving as the template, the nucleic acid sequence is amplified by producing a 
single-strand nucleic acid that has a repeating sequence complementary to the 
template using a nucleotide primer (C). 

[Claim 2] A method for amplifying a nucleic acid sequence, which is 
characterized by the fact that the following procedures (a) through (e) are 
performed using a straight-chain nucleotide probe (B) with a sequence designed 
to become cyclic if the target nucleic acid sequence (A) is present in a sample 
and a nucleotide primer (C) that has a sequence at least partly complementary 
to said straight-chain nucleotide probe (B). 

Procedure (a): A hybrid of aforementioned straight-chain nucleotide 
probe (B) and the target nucleic acid sequence (A) is formed. 

Procedure (b): The nucleotide primer (C) is annealed with the nucleotide 
probe (B) in the hybrid produced by procedure (a). 
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Procedure (c): Cyclic nucleotide B* is obtained by ligation of the 5' end 
and the 3'end of the straight-chain nucleotide probe (B) in the annealed product 
produced by procedure (b). 

Procedure (d): The nucleic acid sequence is amplified using nucleic acid 
polymerase with helicase-like activity and the nucleotide primer (C), with the 
cyclic nucleotide (B') produced by procedure (c) serving as the template. 

Procedure (e): When necessary, procedures (a) through (d) are repeated 
at least once using the amplified nucleic acid sequence that was produced by 
procedure (d). 

[Claim 3] A method for amplifying a nucleic acid sequence, which is 
characterized by the fact that the following procedures (a) through (e) are 
performed using a straight-chain nucleotide probe (B) with a sequence designed 
to become cyclic if the target nucleic acid sequence (A) is present in a sample 
and a nucleotide primer (C) with a sequence that is at least partly 
complementary to said straight-chain nucleotide probe (B). 

Procedure (a): A hybrid of aforementioned straight-chain nucleotide 
probe (B) and the nucleotide primer (C) is formed. 

Procedure (b): The target nucleic acid sequence (A) in a sample is 
annealed with the nucleotide probe (B) in the hybrid that was produced by 
procedure (a). 
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Procedure (c) Cyclic nucleotide (B') is obtained by ligation of the 5' end 
and the 3* end of the straight-chain nucleotide probe (B) in the annealed product 
of procedure (b). 

Procedure (d): The nucleic acid sequence is amplified using nucleic acid 
polymerase with helicase-like activity and nucleotide primer (C), with the cyclic 
nucleotide produced by procedure (c) serving as the template. 

Procedure (e): When necessary, procedures (a) through (d) are repeated 
at least once using the amplified nucleic acid sequence that was produced by 
procedure (d). 

[Claim 4] A method for amplifying a nucleic acid sequence, which is 
characterized by the fact that procedures (a) through (d) are performed using a 
straight-chain nucleotide probe (B) with a sequence designed to become cyclic if 
the target nucleic acid sequence (A) is present in a sample and a nucleotide 
primer (C) with a sequence that is at least partly complementary to the straight- 
chain nucleotide probe (B). 

Procedure (a): A hybrid of aforementioned straight-chain nucleotide 
probe (B), the target nucleic acid sequence (A) and the nucleotide primer (C) is 
formed. 

Procedure (b): Cyclic nucleotide (B') is obtained by ligation of the 5' end 
and the 3' end of the straight-chain nucleotide probe (B) in the hybrid produced 
by procedure (a). 



Procedure (c): The nucleic acid sequence is amplified using a nucleic 
acid polymerase with helicase-like activity and the nucleotide primer (C), with the 
cyclic nucleotide (B') that was produced by procedure (c) serving as the 
template. 

Procedure (d): When necessary, procedures (a) through (c) are repeated 
at least once using the amplified nucleic acid sequence that was produced by 
procedure (c). 

[Claim 5] A method for amplifying a nucleic acid sequence, which is 
characterized by the fact that the following procedures (a) through (e) are 
performed using a straight-chain nucleotide probe (B) with a sequence designed 
to become cyclic if the target nucleic acid (A) is present in a sample and a 
nucleotide primer (C) with a sequence that is at least partly complementary to 
said straight-chain nucleotide probe. 

Procedure (a): A hybrid of aforementioned straight-chain nucleotide 
probe (B) and the target nucleic acid sequence (A) is formed. 

Procedure (b): Cyclic nucleotide (B*) is obtained by ligation of the 5' end 
and the 3' end of adjacent straight-chain nucleotide probe (B) in the hybrid that 
was produced by procedure (a). 

Procedure (c): The nucleotide primer (C) and the cyclic nucleotide probe 
(B*) that was produced by procedure (b) are annealed. 

Procedure (d) : The nucleic acid sequence is amplified using nucleic acid 
polymerase with helicase-like activity and the nucleotide primer (C), with the 



cyclic nucleotide (B') that was produced by procedure (b) serving as the 
template. 

Procedure (e): When necessary, procedures (a) through (d) are repeated 
at least once using the amplified nucleic acid sequence produced by procedure 
(d). 

[Claim 6] 

A reagent kit for amplification of a nucleic acid sequence, which includes %, 
a straight-chain nucleotide probe (B) with a sequence designed to become cyclic 
if the target nucleic acid sequence (A) is present in a sample, a nucleotide 
primer (C) with a sequence that is partly complementary to said straight-chain 
nucleotide probe (B), a ligation means, nucleic acid polymerase, and nucleotide 
triphosphate. 

[Detailed Explanation of Invention] 
[0001] 

[Industrial field of application] 

This invention pertains to a method for amplifying a nucleic acid 
sequence and a reagent kit for this amplification method. This invention 
particularly pertains to a method of producing a nucleic acid with a known base 
sequence in larger quantities than it initially was present. Genetic disorders, 
cancer, infections, etc., can be easily diagnosed by this invention. 

[0002] 



[Prior art] 

Detection of nucleic acids by hybridization has recently become popular 
as an effective method of diagnosing genetic disorders, cancer, infections, etc. 
There are cases where the base sequence that is the target of nucleic acid 
detection is only a small part of the nucleic acid in question. Detection by 
detection methods that use non-radioactive labeled probes and oligonucleotide 
probes labeled with radioactive isotopes is difficult because of problems with 
sensitivity, etc. Therefore, many efforts have been made to improve the 
sensitivity of probe detection systems (WO 87/03622, etc.). Moreover, the 
method whereby the desired nucleic acid is amplified by DNA polymerase is 
disclosed as a means for improving the sensitivity (Japanese Kokai Patent No. 
Sho 61 (1986)-274,697; referred to below as "PCR"). However, there is a 
disadvantage with this method in that a complex temperature adjustment is 
necessary and special equipment is necessary. A method of amplification that 
uses DNA ligase has also been disclosed (WO 89/12,696, Japanese Kokai 
Patent No. Hei 2(1990)-2934, etc.) However, by means of this method, non- 
specific amplification by blunt end ligation with DNA ligase occurs. Three or 
more groups of probes are used in WO 89/12,696 in order to prevent this non- 
specific amplification, but there is a problem in that the cost increases with an 
increase in the number of probes. Moreover, it is known that RNA is produced 
from DNA using RNA polymerase and a method has been disclosed whereby 
nucleic acid is amplified using RNA polymerase (WO 89/01,050). Nevertheless, 
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by means of this method, sufficient amplification only by transcription and 
amplification with RNA polymerase is impossible. Consequently, the procedure 
whereby the RNA that has been produced is subjected to reverse transcriptase 
to produce DNA is performed. On the other hand, there is also a method 
whereby a probe is hybridized with the desired nucleic acid and then only the 
desired hybridized probe is amplified (BIO/TECHNOLOGY Vol. 6, 1 197, 1988). 
However, by means of this method there is a problem in that probes that have 
been joined by non-specific reaction are also amplified and this leads to an 
increase in the blank value. 
[0003] 

[Problems to be solved by invention] 

The objective of this invention is to present a method of easily amplifying 
the targeted nucleic acid sequences. 
[0004] 

[Means for solving problems] 

The inventors proceeded with intensive studies in order to solve these 
problems and completed this invention upon discovering that the aforementioned 
problems can be solved by using as the probe a nucleotide that becomes cyclic 
only in the presence of the target nucleic acid. That is, this invention is a 
method for amplifying a nucleic acid sequence, which is characterized by the 
fact that using a straight-chain nucleotide probe (B) with a sequence designed to 
become cyclic if the target nucleic acid sequence (A) is present in a sample and 
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a nucleotide primer (C) with a sequence at least partly complementary to said 
straight-chain nucleotide probe (B), the straight-chain nucleotide probe (B) is 
hybridized with the target nucleic acid sequence (A) in order to render nucleotide 
probe (B) cyclic and then, using the cyclic nucleotide probe (B') that was 
produced as the template, the nucleic acid sequence is amplified by producing 
single-stranded nucleic acid with a repeating sequence complementary to the 
template produced using nucleic acid polymerase with helicase-like activity and 
the nucleotide primer (C). Moreover, the reagent kit for amplifying a nucleic acid 
of this invention is a reagent kit for amplifying a target nucleic acid sequence, 
which includes a straight-chain nucleotide probe (B) with a sequence designed 
to become cyclic if the target nucleic acid sequence (A) is present in a sample, a 
nucleotide primer (C) with a sequence that is at least partly complementary to 
said straight-chain nucleotide probe (B), a ligation means, nucleic acid 
polymerase, and nucleotide triphosphate. 
[0005] 

This invention uses nucleic acid molecules that have been designed to 
become cyclic in the presence of a ligase when they form a hybrid with the target 
nucleic acid sequence to be detected. The cyclic nucleic acid molecules serve 
as the template for amplification of the nucleic acid sequence by a polymerase 
reaction. The target nucleic acid sequence (A) in this invention can be single- 
helix or double-helix, and it can be relatively pure or it can be one component of 
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a mixture of nucleic acids. There are no special restrictions with respect to the 
length, structure, etc., of the sequence of the target nucleic acid of this invention. 
[0006] 

Nucleotide probe (B) in this invention is a straight-chain nucleotide probe 
with a sequence designed to become cyclic if the target nucleic acid sequence 
(A) is present in the sample (refer to B in Figures 1 and 2). The 5' end and the 
3' end of the nucleotide probe (B) have the parts that are annealed with the 
target nucleic acid sequence, as shown in Figure 2. The annealed parts are the 
length of 6 to 40 nucleotides, preferably 10 to 30 nucleotides, each. The length 
of the sequence joining the aforementioned annealed parts at ends 5' and 3' is 
usually 1 to 1,000, preferably 10 to 100, nucleotides. Moreover, this region can 
also contain an anti-promoter sequence of RNA polymerase. When a nucleotide 
probe with this RNA polymerase anti-promoter sequence is used, it is possible to 
synthesize RNA that has repeating complementary strands of the nucleotide 
probe by exposing the nucleotide probe to RNA polymerase corresponding to 
the promoter and ribonucleotides (ATP, CTP, GTP, UTP), using a nucleotide 
with the promoter sequence of RNA polymerase as the nucleotide primer. 

[0007] 

There are no restrictions with respect to the structure, length, etc., of the 
nucleotide primer (C) of this invention as long as it is at least partly 
complementary to nucleotide probe (B). The length is usually 6 to 40 
nucleotides, preferably 10 to 30 nucleotides. Moreover, a nucleotide primer that 



contains anti-promoter can be used if the nucleotide probe contains the anti- 
promoter sequence of the RNA polymerase. These oligonucleotides (B) and (C) 
can be synthesized by the phosphoramidite method using, for instance, DNA 
synthesizer 391 made by ABI (Applied Biosystems, Inc.). They can also be 
synthesized by the phosphotriester method, the H-phosphonate method, the 
thiophosphite method, etc. Moreover, they can be isolated from biological 
sources, such as the products of cleavage by restriction endonuclease, etc. It is 
preferred that a phosphate group be attached to the 5' end of the nucleotide 
probe (B). For instance, phosphate groups can be attached by T4 
polynucleotide kinase in the presence of ATP. 
[0008] 

As long as the nucleic acid polymerase used in this invention is nucleic 
acid polymerase with helicase activity, it can be DNA polymerase or RNA 
polymerase. For instance, nucleic acids with repeating sequences 
complementary to cyclic nucleic acid molecules as the template can be 
synthesized when <&29 DNA polymerase is employed (J. Biol. Chem., 264, 8935, 
1989). M2DNA polymerase, Escherichia coli DNA polymerase, T7RNA 
polymerase, T3RNA polymerase, SP6RNA polymerase, etc., can be used. 

[0009] 

By means of the nucleic acid amplification method of this invention, 
aforementioned straight-chain nucleotide probe (B) is hybridized with the target 
nucleic acid sequence (A) to render the straight-chain nucleotide probe (B) 



cyclic. Nucleic acid is then amplified by the method whereby using this cyclic 
nucleotide probe (B') that was produced as the template, single-stranded 
nucleic acid with a repeating sequence complementary to the template is 
produced using the nucleotide primer (C). 
[0010] 

The following are ways the target nucleic acid detection method of this 
invention can be performed: (1 ) A method for amplifying a nucleic acid 
sequence, which is characterized by the fact that the following procedures (a) 
through (e) are performed using a straight-chain nucleotide probe (B) with a 
sequence designed to become cyclic if the target nucleic acid sequence (A) is 
present in a sample and a nucleotide primer (C) that has a sequence at least 
partly complementary to said straight-chain nucleotide probe (B). 

Procedure (a): A hybrid of aforementioned straight-chain nucleotide 
probe (B) and the target nucleic acid sequence (A) is formed. 

Procedure (b): The nucleotide primer (C) is annealed with the nucleotide 
probe (B) in the hybrid produced by procedure (a). 

Procedure (c): Cyclic nucleotide B' is obtained by ligation of the 5' end 
and the 3'end of the straight-chain nucleotide probe (B) in the annealed product 
produced by procedure (b). 

Procedure (d): The nucleic acid sequence is amplified using nucleic acid 
polymerase with helicase-like activity and the nucleotide primer (C), with the 
cyclic nucleotide (B') produced by procedure (c) serving as the template. 
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Procedure (e): When necessary, procedures (a) through (d) are repeated 
at least once using the amplified nucleic acid sequence that was produced by 
procedure (d). 

[0011] 

(2) A method for amplifying a nucleic acid, which is characterized by the 
fact that the following procedures (a) through (e) are performed using a straight- 
chain nucleotide probe (B) with a sequence designed to become cyclic if the 
target nucleic acid sequence (A) is present in a sample and a nucleotide primer 
(C) with a sequence that is at least partly complementary to said straight-chain 
nucleotide probe (B). 

Procedure (a): A hybrid of aforementioned straight-chain nucleotide 
probe (B) and the nucleotide primer (C) is formed. 

Procedure (b): The target nucleic acid sequence (A) in a sample is 
annealed with the nucleotide probe (B) in the hybrid that was produced by 
procedure (a). 

Procedure (c) Cyclic nucleotide (B') is obtained by ligation of the 5' end 
and the 3' end of the straight-chain nucleotide probe (B) in the annealed product 
of procedure (b). 

Procedure (d): The nucleic acid sequence is amplified using nucleic acid 
polymerase with helicase-like activity and the nucleotide primer (C), with the 
cyclic nucleotide produced by procedure (c) serving as the template. 



Procedure (e): When necessary, procedures (a) through (d) are repeated 
at least once using the amplified nucleic acid sequence that was produced by 
procedure (d). 

[0012] 

(3) A method for amplifying a nucleic acid sequence, which is 
characterized by the fact that procedures (a) through (d) are performed using a 
straight-chain nucleotide probe (B) with a sequence designed to become cyclic if 
the target nucleic acid sequence (A) is present in a sample and a nucleotide 
primer (C) with a sequence that is at least partly complementary to the straight- 
chain nucleotide probe (B). 

Procedure (a): A hybrid of aforementioned straight-chain nucleotide 
probe (B), the target nucleic acid sequence (A) and the nucleotide primer (C) is 
formed. 

Procedure (b): Cyclic nucleotide (B') is obtained by ligation of the 5' end 
and the 3' end of the straight-chain nucleotide probe (B) in the hybrid produced 
by procedure (a). 

Procedure (c): The nucleic acid sequence is amplified using a nucleic 
acid polymerase with helicase-like activity and nucleotide primer (c), with cyclic 
nucleotide (B') that was produced by procedure (c) serving as the template. 

Procedure (d): When necessary, procedures (a) through (c) are repeated 
at least once using the amplified nucleic acid sequence that was produced by 
procedure (c). 



[0013] 

(4) A method for amplifying a nucleic acid sequence, which is 
characterized by the fact that the following procedures (a) through (e) are 
performed using a straight-chain nucleotide probe (B) with a sequence designed 
to become cyclic if the target nucleic acid (A) is present in a sample and a 
nucleotide primer (C) with a sequence that is at least partly complementary to 
said straight-chain nucleotide probe. 

Procedure (a): A hybrid of aforementioned straight-chain nucleotide 
probe (B) and the target nucleic acid sequence (A) is formed. 

Procedure (b): Cyclic nucleotide (B') is obtained by ligation of the 5* end 
and the 3' end of adjacent straight-chain nucleotide probe (B) in the hybrid that 
was produced by procedure (a). 

Procedure (c): The nucleotide primer (C) and the cyclic nucleotide probe 
(B*) that was produced by procedure (b) are annealed. 

Procedure (d) : The nucleic acid sequence is amplified using nucleic acid 
polymerase with helicase-like activity and the nucleotide primer (C), with the 
cyclic nucleotide (B') that was produced by procedure (b) serving as the 
template. 

Procedure (e): When necessary, procedures (a) through (d) are repeated 
at least once using the amplified nucleic acid sequence produced by procedure 
(d). 

[0014] 



The theory behind this invention is schematically represented in Figure 2 
in order to explain aforementioned procedure (3) of performing this invention. 
This invention will now be explained while referring to Figure 2. Furthermore, A 
in the figure is the target nucleic acid, B is the straight-chain nucleotide probe, 
B* is the cyclic nucleotide probe, C is the nucleotide primer, and D is the nucleic 
acid polymerase. 

Procedure (a): A hybrid is formed between the detecting sequence in the 
straight-chain nucleotide probe (B) and the target sequence in the target nucleic 
acid (A). Said nucleotide probe (B) is annealed with the nucleotide primer (C) at 
the same time, or by a separate process (refer to Figure 2(a)). If the target 
nucleic acid (A) is a double helix, it is made into a single-stranded acid by 
denaturation by heating, alkali treatment, acid treatment, etc. Denaturation by 
heating can be performed by, for instance, heating for 1 to 5 minutes at 80 to 
105°C. Alkali treatment can be performed by, for instance, treatment for 1 to 30 
minutes in the presence of 0.2 to 1 N NaOH and neutralization with the 
equivalent of HCI. Acid treatment can be accomplished by, for instance, 
treatment for 1 to 30 minutes in the presence of 0.01 to 1 N HCI and then 
neutralization with NaOH. The helix can also be broken down enzymatically. 
Annealing is performed at a temperature that has been selected so that the 
maximum annealing selectivity is realized for the nucleotide probe (B) and for 
the nucleotide primer (C). In general, annealing is performed by heating so that 
the target nucleic acid (A) and the nucleotide probe (B) and the nucleotide probe 



(B) and the nucleotide primer (C) will specifically bond together and so that non- 
specific bonding by mismatching can be kept to a minimum. 
[0015] 

Procedure (b): Cyclic nucleotide probe (B') is obtained by ligation of the 
5' end and the 3' end of aforementioned nucleotide probe (B) (refer to Figure 
2(b)). It is preferred that a ligase, such as T4 DNA ligase, T7 DNA ligase, E coli 
DNA ligase, Thermus theromophilus DNA ligase, etc., be used if the 5' end and 
the 3' end of said nucleotide probe (B) are adjacent as a result of hybridization. 
Moreover, if they are not adjacent to one another, ligation can be accomplished 
with a ligase after the gap has been closed with DNA polymerase and/or reverse 
transcriptase. In this case, if the nucleotide probe has been designed so that 
the gap is constructed from only an A-T pair or only a C-G pair, the method can 
be used whereby separation and elongation of the annealed oligonucleotide 
due to mismatching are prevented by using only A-T or C-G, respectively, as the 
added mononucleotide. A conventional method, such as the method in 
Japanese Kokai Patent No. Sho 63(1 988)-22, 197 or WO 90/01069, can be used 
for ligation with a ligase. By means of this invention, the length of the 
oligonucleotide segment that is annealed with the target nucleic acid should be 6 
to 40 nucleotides, preferably 10 to 30 nucleotides. 

[001 6J 

Procedure (c): Nucleic acid is synthesized using nucleic acid polymerase 
(D), the cyclic nucleotide probe (B') that was made in procedure (b) as the 



template, and the nucleotide primer (C) annealed to said nucleotide probe (B') 
(refer to Figure 2(c)). Said procedure is performed by elongation, with the 
aforementioned cyclic nucleotide serving as the template, using, for instance, 
dNTP (the 4 types of deoxyribonucleotides: dATP, dCTP, dGTP, and dTTP) and 
DNA polymerase (for instance, an enzyme with high nucleic acid-synthesizing 
activity, such as <I>29DNA polymerase, M2DNA polymerase, T4DNA polymerase, 
Thermus aquaticus DNA polymerase, Thermus thermophilus DNA polymerase, 
etc.). This method can be performed using, for example, the technology and 
conditions recorded in the Journal of Molecular Biology: 56, 341-361 (1971)). 
These enzymes can promote the synthesis of primer elongation product while 
peeling off part of the double helix of DNA and therefore, it is not always 
necessary to separate the target nucleic acid (A) and the cyclic nucleotide probe 
(B') before performing said procedure. The primer elongation product has a 
sequence that is homologous with the target sequence and therefore, said 
elongation product can be used as the target nucleic acid (A) in procedure (a) 
and as the target nucleic acid of the nucleotide probe (B). Thus, a specific 
sequence of a nucleic acid can be simply produced in mass quantity by 
repeating this series of procedures. Moreover, when the nucleotide probe (B) 
and the nucleotide primer (C) each have an anti-promoter sequence and a 
promoter sequence, the RNA polymerase corresponding to the promoters can be 
used as the nucleic acid polymerase. Said procedure is performed by carrying 
out an RNA synthesis reaction, with said cyclic nucleotide serving as the 



template, using NTP (the 4 ribonucleotides: ATP, CTP, GTP and UTP) and RNA 
polymerase (for instance, T7RNA polymerase, T3RNA polymerase, SP6RNA 
polymerase, etc.). RNA that is formed of repeating complementary strands of 
the nucleotide probe (B) is synthesized as a result of the RNA polymerase 
reaction. It is also possible to synthesize RNA in mass quantity by repeated 
exposure to RNA polymerase, whereby using the aforementioned RNA as the 
template, cDNA is synthesized using reverse transcriptase, and then the 
nucleotide primer (C) is annealed to said cDNA. 

Procedure (d): When necessary, procedures (a) through (c) are repeated 
at least once using the amplified nucleic acid sequence that was produced in 
procedure (c). 

[0017] 

[Results of the invention] 

By means of the detection method of this invention, amplification occurs 
only when ligation is performed by annealing the 2 ends of the nucleotide probe 
(B) to the target nucleic acid (A). Consequently, 2 types of specificity, 
specificity from the base sequence of the oligonucleotide and specificity that 
satisfies the conditions under which ligation of the 2 ends occurs, are necessary 
and nonspecific reactions are inhibited. Consequently, it is possible to amplify a 
specific sequence of a nucleic acid. Moreover, several nucleic acid sequences 
are produced from 1 molecule of the cyclic nucleotide probe by using nucleic 
acid polymerase with helicase-like activity and therefore, amplification can be 
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more efficiently performed. By repeating the reaction using the nucleic acid 
sequence that was produced, amplification in larger quantities is possible and 
the detection sensitivity is improved. Furthermore, the amplification method of 
this invention does not include a method of amplification of the probe and 
therefore, there is no amplification of probe that remains due to mismatching and 
nonspecific hybridization. As a result, the S/N (signal/noise) ratio can be 
increased. 

[0018] 

[Examples] 

The results of this invention will now be clarified even further using 
examples of this invention and comparative examples. However, this invention 
is not limited to these examples. 

(Example 1 ) 

Synthesis of a variety of oligonucleotides 

Oligonucleotides of the sequences listed below were synthesized by the 
phosphoramidite method using DNA synthesizer 391 made by ABI. 

(1) Nucleotide probe (first oligonucleotide (1)): This oligonucleotide has 
the nucleotide sequence from 87 to 104 and from 105 to 126 of the Vibrio 
cholerae THD (thermostable direct hemolysin) gene and the sequence 
complementary to the T7 promoter sequence (Sequence Table 1 ). Moreover, 
phosphate groups are bonded to the 5' end. 



(2) Nucleotide primer (second oligonucleotide (2)): This oligonucleotide 
has the sequence of the T7 promoter (Sequence Table 2). 

The method was performed on the 0.2 pM scale in accordance with the 
ABI manual. Protector groups were eliminated from each type of 
oligonucleotide by treatment overnight with aqueous ammonia at 55°C. 
Purification was performed using a reversed-phase HLPC column made by 
Pharmacia Labs, Inc. When necessary, phosphate groups were bound to the 5' 
ends of the oligonucleotides that were synthesized by the following method: 

Oligonucleotide 5 to 20 pmoles 

1 0XT4 polynucleotide kinase buffer solution 1 0 pi 

1 mM ATP 1 pi 

T4 polynucleotide kinase 10 units 

Water was added to bring the total volume to 100 ul and then the mixture was 
reacted for 1 hour at 37°C. The 10XT4 polynucleotide buffer solution used here 
is 

0.5 M Tris-HCI (pH 8.0), 

0.1 M MgCI 2 and 

0.1 M 2-mercaptoethanol. 

[0019] 

(Example 2) 

Kit for amplifying the target nucleic acid 
(a) First oligonucleotide (1) of Example 1 



(b) Second oligonucleotide (2) of Example 1 

(c) T4 DNA ligase (Toyobo Co., Ltd.), T7 RNA polymerase (Toyobo Co., 
Ltd.), ATP, CTP, GTP, UTP 

[0020] 
(Example 3) 

Method for amplification of the target nucleic acid using the kit in Example 

2J1) 

Procedure (a) 

First, 0.1 nmol of first oligonucleotide (a) of Example 1 and 1 ug of 
genomic nucleic acid that had been separated from a culture of TDH-producing 
Vibrio cholerae and partially purified were added to 10 ul of ligase reaction 
solution. This was kept at 94°C for 2 minutes and then at 50°C for 2 minutes and 
annealed. The control was a reaction solution with which genomic nucleic acid 
had not been mixed. 

Ligase reaction solution: 

Tris-HCI (pH 7.6) 66 mM 

MgCI 2 6.6 mM 

Dithiothreitol 10 mM 

ATP 66 uM 

Procedure (b) 



Then 0.1 nmol of second oligonucleotide (2) was added to 10 pi of the 
aforementioned reaction solution and annealed by the same procedure as 
procedure (a) to first oligonucleotide (1) that had become cyclic. 

Procedure (c) 

Next, 1 unit of T4 DNA ligase (Toyobo Co., Ltd.) was added and reacted 
for 1 hour at 37°C for ligation of the 5* and the 3' ends of the first oligonucleotide. 
Procedure (d) 

Then 40 pi of water, 50 pi of 17 RNA polymerase reaction solution and 
1 0 units of T7 RNA polymerase were added to the aforementioned reaction 
solution and amplification was performed by keeping the mixture at 37°C for 30 
minutes, using the cyclic oligonucleotide on which ligation had been performed 
by procedure (c) as the template. 

T7 RNA polymerase reaction solution 



Tris-HCI (pH 8.0) 80 mM 

Dithiothreitol 10 mM 

Spermidine 4 mM 

MgCI 2 8 mM 

NaCI 50 mM 

BSA 160pg/ml 

Triton X-1 00 0.02% 
ATP, CTP, GTP, UTP 2 mM 
Procedure (e) 
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Then electrophoresis was performed with agarose gel and the RNA that 
had been synthesized was identified by the ethidium bromide staining method. 
As a result, RNA was synthesized on the smear on the high-molecular-weight 
side, from 113 mers. This indicates that RNA molecules longer than the 
template were synthesized by using the cyclic molecules made by ligation of the 
first oligonucleotide as the template. 

[0021] 

(Example 4 ) 

Method of amplifying the target nucleic acid using the kit of Example 2 (2) 
Procedure (a) 

First, 0.1 nmol of first oligonucleotide (1) and 0.1 nmol of second 
ligonucleotide (2) of Example 1 were added to 10 pi of the ligase reaction 
solution. Annealing was performed by keeping the mixture at 94°C for 2 minutes 
and then at 50°C for 5 minutes. 

Procedure (b) 

First, 1 ug of genomic nucleic acid that had been separated from a culture 
of TDH-producing Vibrio cholerae and partially purified was added to the 
aforementioned reaction solution and annealed with the first oligonucleotide. 
Then 1 unit of T4 DNA ligase (Toyobo Co., Ltd.) was added and reacted for 1 
hour at 37°C. As a result, ligation of ends 5' and 3' of the first oligonucleotide 
was accomplished. 

Procedure (c) 



First, 40 ul of water, 50 ul of T7 RNA polymerase reaction solution and 
10 units of T7 RNA polymerase were added to 10 ul of the aforementioned 
reaction solution and amplification was performed by keeping this mixture at 
37°C for 30 minutes, using the cyclic oligonucleotide on which ligation had been 
performed by procedure (b) as the template. 

Procedure (d) 

Next, electrophoresis with agarose gel was performed and the RNA that 
had been synthesized was identified by the ethidium bromide staining method. 
As a result, RNA was synthesized on the smear on the high-molecular-weight 
side, from 113 mers. This indicates that RNA molecules that are longer than the 
template are produced when cyclic molecules obtained by ligation of the first 
oligonucleotide are used as the template. 

[0022] 

(Example 5) 

Method for amplifying the target nucleic acid using the kit of Example 2 

m 

Procedure (a) 

First, 0.1 nmol of first oligonucleotide (1) and 0.1 nmol of second 
oligonucleotide (2) of Example 1 were added to 10 ul of the ligase reaction 
solution with 1 ug of the genomic nucleic acid that had been separated from the 
culture of TDH-producing Vibrio cholerae and partially purified. Annealing was 
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performed by keeping the mixture at 94°C for 2 minutes and then at 50°C for 5 
minutes. 

Procedure (b) 

Then 1 unit of T4 DNA ligase (Toyobo Co., Ltd.) was added and reacted 
for 1 hour at 37°C. As a result, ligation of ends 5' and 3* of the first 
oligonucleotide was accomplished. 

Procedure (c) 

Then 40 ul of water, 50 ul of the reaction solution listed below and 10 
units of 17 RNA polymerase were added to 10 pi of the aforementioned reaction 
solution and an amplification reaction was performed using the cyclic 
oligonucleotide on which ligation had been performed by procedure (b) as the 
template. 

Procedure (d) 

Next, electrophoresis with agarose gel was performed and the RNA that 
had been synthesized was identified by ethidium bromide staining. As a result, 
RNA was synthesized on the smear on the high-molecular-weight side, from 1 1 3 
mers. This indicates that RNA molecules that are longer than the template were 
synthesized by using a cyclic molecule obtained by ligation of the first 
oligonucleotide as the template. 

[0023] 

(Example 6) 

Method for amplifying the target nucleic acid using the kit in Example 2 (4) 
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Procedure (a) 

First, 0.1 nmol of first oligonucleotide (1) of Reference 1 and 1 pg of 
genomic nucleic acid that had been separated from a culture of TDH-producing 
Vibrio cholerae and partially purified were added to 10 pi of the ligase reaction 
solution. Annealing was performed by keeping the mixture at 94°C for 2 minutes 
and then at 50°C for 5 minutes. 

Procedure (b) 

Then 1 unit of T4 DNA ligase (T oyobo Co., Ltd.) was added and reacted 
for 1 hour at 37°C. As a result, ligation of ends 5' and 3' of the first 
oligonucleotide was accomplished. 

Procedure (c) 

Next, 0.1 nmol of second oligonucleotide (2) was added to 10 pi of the 
aforementioned reaction solution and annealed to cyclic first oligonucleotide (1) 
by the same procedure as procedure (a). Then 40 pi of water, 50 pi of the 
reaction solution listed below and 10 units of T7 RNA polymerase were added to 
the reaction solution and an amplification reaction was performed using the 
cyclic oligonucleotide on which ligation had been performed by procedure (b) as 
the template. 

Procedure (d) 

Next, electrophoresis with agarose gel was performed and the DNA [sjc] 
that was synthesized was identified by the ethidium bromide staining method. 
As a result, RNA was synthesized on the smear on the high-molecular-weight 



side, from 113 mers. This indicates that RNA molecules that were longer than 
the template were synthesized using cyclic molecules obtained by ligation of the 
first oligonucleotide as the template. 

[Sequence Tables] 

[0024] 

Sequence no.: 1 
Sequence length: 113 
Sequence form: Nucleic acid 
Number of strands: single-strand 
Topology: straight-chain 

Types of sequence: other nucleic acids, synthetic DNA 
Sequence characteristics 
Symbol representing characteristic: promoter 
Position: 22..38 

Method of determining characteristics: S 
Other characteristics: Sequence complementary to T7 promoter 
sequence 

Position: 1..18 

Other characteristics: sequence complementary to the sequence from 
105 to 126 of Vibrio cholerae TDH (Thermostable Direct Hemolysin) gene 
Position: 92..113 
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Other characteristics: sequence complementary to nucleotide sequence 
from 87 to 104 of Vibrio choleraeTDH (Thermostable Direct Hemolysin) gene 
Sequence 

CATG\GAIAT TtTTTGTTGT TCAAATCTCC CIATAGTGAG TCGTATTAAA ACTATTCTAT 60 
AGTGTCACCT AAATGATCCA CTAGTTCTAC AGCGGTTTCC TGCCCCCGGT TCT 113 

[Sequence table] 
[0025] 

Sequence no.: 2 
Sequence length: 17 
Sequence form: nucleic acid 
Topology: single-strand 

Type of sequence: other nucleic acids, synthetic DNA 
Characteristics of sequence 
Symbol representing characteristics: promoter 
Position: 1..17 

Method of determining characteristics: S 

Other characteristics: Has T7 promoter sequence 

Sequence 

TAATACGACT CACTATA 
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[Brief Explanation of Figures] 

[Figure 1] This figure shows the structure of the first oligonucleotide 
(nucleotide probe). 

[Figure 2] This is a schematic representation of the theory behind this 
invention. 

[Figure 3] This shows the electrophoresis patterns of the RNA 
synthesized in Examples 3, 4, 5 and 6. 

[Definition of Symbols] 

In Figure 2, A is the target nucleic acid, B is the first oligonucleotide 
(nucleotide probe), B' is the cyclic first oligonucleotide, C is the second 
oligonucleotide (nucleotide primer), and D is the nucleic acid polymerase. In 
Figure 3, A is the target nucleic acid, B is the first oligonucleotide (nucleotide 
probe), B' is the cyclic first oligonucleotide, C is the second oligonucleotide 
(nucleotide primer), and D is the nucleic acid polymerase. Lanes 1 , 2 and 3 in 
Figure 3 correspond to the samples in Examples 3, 4, 5 and 6, respectively. 
The arrow shows the position of the first oligonucleotide, which was used as the 
template. 



